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Method and radiation source driving device for controlling radiation power 



The invention pertains to a method for controlling radiation power of a radiation source, 
conqsrising the steps of 

a) driving the radiation source in a first mode comprising the substeps of 

al) determining a tiireshold current at which the radiation source 

S begins to radiate, 

a2) measuring the radiation power emitted by the radiation source, 
a3) driving the radiation source with the threshold current incieased 
with the a delta current for obtaining a predetermined radiation power Pri, wherein the delta 
current is calculated by subtracting the measured radiation power from the predetermined 
10 radiation power Pri , 

b) driving the radiation source in a second mode comprising the substeps of 

bl) determining the tbreshold current, and 

b2) driving the radiation source with the threshold current increased 
with the a delta current for obtaining the predetermined radiation power Pri, wherein the delta 
1 5 current is calculated firom the threshold current by using a function F which is a model for the 
relation between the tbreshold current and the delta current and the radiation power. 

The invention also pertains to a radiation source driving device for ccmtroUing 
a radiation power of a radiation source in an information reproducing system for reproducing 
information on an information carrier, comprising 
20 - radiation power measurement means for measuring a radiation power of the 

radiation source, 

addition means for oulputting a total current by adding a threshold current an^ 
a delta current and thereby obtaining a predetermined radiation power P^i, 

threshold current determining means for determiriing and ou^utting the 
25 threshold current at which the radiation source begins to radiate, herein the measured 
radiation power is used to determine the threshold current, 

delta current determining means fcxr deterniining and outputting the delta 
current wherein the value of the delta current is determined such that the radiation power is 
substantially equal to a predetermined radiation power P^, conQirising 
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- an online delta catrent generator for generating an online delta 
currait which is determined by subtracting the measured radiation power from the 
predetermined radiation power P,] , 

- a estimated delta current generator for generating an estimated delta 
current which is calculated ftom the flireshold current by using a fonction F which is a model 
for tiiB relation between the threshold current and the delta current and the radiation power, 

- ddta current outputting m^ns for oufputting the delta current, 
wherdn the online delta current is outputted ^en the radiation power is measured and the 
estimated delta current is ouQ)utted when tiie radiation power is not measured. 

The invoition further pertains to an information reproducing device for 
reproducing information on an information carrier comprising the radiation source driving 
device. 

During writing on an optical disc it is very important to control the writing 
power precisely since tiie writing quaUty is extremely sensitive to the writing power. 
However, with increasing writing speeds it is very difBcult or impossible to measure the 
write power during tiie very short write pulse if a pulse train is used as a write steategy. 
Usually, when reading infonnation from a disc, tiie radiation power is more easily measured. 
In Stead of measuring flie radiation power at bofli read and write level, only tiie radiation 
power is measured in read level and controlled by adjusting tiie tiireshold current However, 
tiie efSciency of tiie radiation source is changing witii temperature. The change in 
temperature and tiius tiie change in efiBciency has an effect on tiie tiireshold current of tiie 
radiation source. From tiie change in tiie tiireshold current tiie eflSciency of tiie radiation 
source can be predicted. A correction factor can be determined which is used to determine i 
delta current from tiie tiireshold current, wherein tiie delta current is tiie current at which t 
predetermined radiation power is emitted by tiie radiation source. When flying a write 
strategy wherein tiie radiation power is higher tiian tiien tiie power at read level and where it 
is difBcult to measure tiie radiation power, tiie concction fector can be used to predict tiie 
delta current needed for obtaining a predetermined radiation power. 



ia 

la 



From European Patent appKcation 1 169759 a control circuit for a radiation 
source is known which comprises means for generating an error signal which is indicative for 
a difference between a measured average value of tiie ou^ut power of tiie radiation source 
and a desired average value of tiie output power of tiie radiation source. The circuit furttier 
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comprises combiimig means for generating a contiol signal for the radiation source in 
response to said error sigaal and to an information signal for modulating tbc radiation source. 
The conibimng means comprise first means for modi^g Hie information signal by a 
multipKcativB fector y which is depraident on the error signal, and second means for 

modifying the information signal by an additive fector a which is dependent on the error 
signaL The additive factor ct is linearly dependent on the error signal, ^e die multipUcative 
fector Y is con^)utBd fix)m a according to the fonction: 



wherein 



(1) 



Therein -jb and CTo respectively are the vahies of yand a at a reference 
tBnq)erature. The used fonction (1) to con^jute yfom a is fixei but it seems flmt the ach^ 
relation between the multipKcative fector y and the additive fector a is not fixed. The fector k 

changes duririg the lifetime of the radiation source. The mnltipKcative fector yean de^ 

during flie lifetime of die radiation source from tiie correct one. The radiation source 
radiates a feuhy radiation power. 



It is a purpose of die invention to provide a method for controlling radiation 
power of a radiation source which is capable of attaining a radiation power even under 
dianging conditions sudi as temperature changes. 

It is a ferlher purpose of the invention to provide a radiation source driving 
device which is capable of attaming a radiation power even under changing conditions such 
as ten^erature changes. 

It is also a purpose of the invention to provide an information reproducmg 
device comprising such a radiation source driving device. 

According to the invention the method for controlling radiation power of a 
radiation source forther comprises the step of 

c) calibrating the function F, comprising the substeps of 

cl) determining the radiation power and the delta current at at least 
two different tiireshold currents when the radiation source is driven in the first mode, and 
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c2) i^dating at least one parameter of the fonctioii F by using the 
measmements in substep cl. 

When the function F is defined by one parameter, then it is possible to update 
the parameter of Ifaat function by detemiining two points of the function F. If the calibration 
is performed regularly then the radiation powra- can be conlroUed precise by first establishing 
the threshold cunrent and subsequently calculate the required delta current to obtain a certain 
radiation power. If the fimction F is characterized by more than one parameter, then in 
substep 1 the radiation power and delta current are measured at xaoce than two threshold 
currents. 

In a embodiment of the method according to the invention the current to the 
radiation source is selectively driven in a first mode and in a second mode, wherein the 
radiation power can be measured when the radiation source is driven in the first mode and 
wherein the radiation power can not be measured when the radiation source is driven in the 
second mode, vrtierem step c of caUbrating the function F is performed during a period 
vidierein the radiation source is driven in the first mode. 

For instance, when writing on an optical disc with a pulse train strategy it is 
in^KJSsible to measure the write power level because the pulses are too short However, when 
writing with a block strategy it is still possible to measure the write level even at high speeds. 
A block strategy is a writing strategy involving long write pulses. Especially when writing 
long marks on an information carrier it is relatively easy to measure the power level of the 
emitted radiation. In the block strategy writing mode it is therefore possible to cahTirate tiie 
function F. Because of environmental changes such as temperatijre changes, the measured 
write power wiU be different firom the desired write power and the function F can be tuned 
until both are equaL Since the function F is only determined by radiation source behavior, it 
is still valid for tiie pulse train strategy. By timing the function F in a block strategy mode, the 
fimction F is tamed for eveiy sta^egy used. Li the case of the method bemg used in an optical 
drive such as a DVTH-RW drive, each time a disc which requires a block steategy is inserted, 
the function F can be calibrated. 

In a further embodiment the first mode is a mode wherein the current to the 
radiation source comprises a pulse which has a duration long enough to measure the radiation 
powCT and wherem the second mode is a mode wherein the current to flie radiation source 
conq)rises a train of short pulses. 
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In an embodiment tlie fimction F is defined by a model describing llie change 
in delta current as a fimction of tiie change in threshold cunent at the ptedetemiined radiation 
power Pri: 

wherein Itbr.i is a fiist threshold cuirent, W2 is a second threshold current, 
Idblta-i is a first delta cmren^ Idblta-z is a second delta cuirent and a is a parameter and 
whereinlhe fimction F is updated by iqjdating the parameter a. 

This model is a relatively simple model which describes tiie behavior of a 
radiation source sudi as a semiconductor laser. 

In an oflier embodiment of the method wherein the radiation power and delta 
current are measured at more than two threshold currents, the function F is defined by a 
model describmg the change in delta current as a function of the change in tiireshold current 
at a predetermined level of the radiation power Pr: 

^DELTA-2 ~ ^DELTA-l _ ~^TRR-i * ^ | ^ 

I Tytrrfj—t I. ^ ^ 



wherein Ithr-i is a first threshold current, Ithr-2 is a second threshold current; 
Idblta-1 is a first delta current, Idelta-2 is a second delta current and a and b are parameters 
and wherem the fimction F is updated by updating the parameters a and b. 

A relative easy way for changing tiie threshold cunent is changing tiie 
temperature of the radiation source. The threshold cuirent of a radiation source such as a 
semiconductor laser is dq)endent on flie temperature of tiie laser. The tenqieratiire of tiie 
radiation source can be increased fiir instance, by activating tiie radiation source for a longer 
period. 

According to flie invention radiation source driving device fiirther comprises 
cahTiration means for updating at least one parameter of tiie fimction F, wherein tiie delta 
current, tiie tiireshold current and tiie measured radiation power are fed to tiie cahWion 
means and wherem flie radiation power aad flie delta cunent are detemiined at at least two 
different tiireshold currents and are subsequentiy used to iqidate flie at least one parameter. 

In an embodiment of flie radiation source driving device tiie radiation source 
cunent generator is able to drive flie radiation source m a first mode and in a second mode, 
wherein tiie radiation power measurement means are able to measure tiie radiation power 
when tiie radiation source is driven in tiie first mode and wherem tiie radiation power 
measurement means are not able to measure flie radiation power when flie radiation source is 
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driven in the second mode, wherein the cahTiration means are ananged to caUhrate the 
function F during a period wherein the radiation source is driven m the first mode. 

In a variant of the previous embodiment the first mode is a mode -wherein the 
current to the radiation source comprises a pulse which has a duration long enough to 
measure the radiation power and wherein the second mode is a mode wherein the current to 
the radiation source comprises a train of short pulses. 

In a further embodiment of the radiation source driving device Ae function F 
is defined by a model describing the change in delta current as a function of the change in 
threshold current at the predetermined radiation power Ph : 

I T (4) 

v«4ierein Ithr-i is a first threshold current, Ithr.2 is a second threshold current, 
Idelta-1 is a first delta current^ Idblta.2 is a second delta current and a is a parameter and 
wherem the cahTxration means are adopted to update the fimction F by iq»dating the parameter 
a. 

In a still further embodiment of the radiation source driving device the 
cahTjration means are arranged for measuring the radiation power and the delta current at 
more than two different threshold currents. 

In a more specific embodiment of the previous enAodiment the function F is 
defined by a model describing the change in delta current as a fimction of the change in 
threshold current at a predetermined level of the radiation power Pr: 

IpELTA-i -Irairj^ __ Ithr-2 -^nm^ *j j 



wherein Ithr.i is a first threshold current, Ithr-2 is a second threshold current, 
Idelta-i is a first delta current, Imlta^ is a second delta currait and a and b are parameters 
and wherein flie cahTiration means are adopted to iqidate the fimction F by iqidating the 
parameters a and b. 

According to the invention the information reproducing device for reproducing 
information on an information carrier comprises 

the radiation source driving device according to the invention, 
a radiation source which is driven by flie radiation somx:e driving device, 
means for mapping radiation emitted by the radiation source at a spot at tiie 
information carrio:. 
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means fer causing a relative displacement between the spot and the 
infomiation carrier. 

The information reproducing device according to the invention has the 
advantage that the radiation power of the radiation source is controlled accurately, even whra 
5 the radiation source is driven in a mode wherein it is impossible or difScult to measure the 
radiation power. 



These and other aspects of the invention are described in more detail with 
10 reference to the jBgures. Therein 

Fig. 11a shows a disc shaped information carrier. 

Fig. lb shows a cross-section taken of the infomiation carrier, 

Fig. Ic shows an example of a wobble of the track. 

Fig. 2 shows two curves for the relation between the threshold current and the 
1 5 delta current in a radiation source. 

Fig. 3 shows an embodiment of the radiation source driving device, and 
Fig. 4 shows an embodiment of the information reproducing device. 

20 An example of an information carrier 1 1 from which the information 

reproducing system reproduces information is shown in Figure la. The disc-shaped 
information carrier 1 1 comprises a track 9 and a central hole 10. The track 9 is arranged in 
accordance with a spiral pattem of turns constituting substantially parallel tracks on an 
information layer. The information carrier 1 1 may be an optical disc having an information 

25 layer of a recordable type. Exan5)les of a recordable disc axe the C3>-R, CD-RW and the 
DVD+RW. The track 9 on the recordable type of information carrier is indicated by a pre- 
embossed track 9 structure provided during manu&cture of the blank information carrier 1 1 , 
for exanqple a pregroove. Recorded information is rq^resented on the information layer by 
optically detectable marks recorded along die track 9. The marks are constituted by variations 

30 of a physical parameter and thereby have different optical properties than their surroundings, 
e.g. variation in reflection. 

Figure lb is a cross-section taken along the line b-b of the information carrier 
1 1 of the recordable type, in which a transparent substrate 15 is provided with a recording 
layer 16 and aprotective layer 17. The protective layer 17 may comprise a forther substrate 
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layer, for exaiiq)le as in DVD where ae recording layer is at a 0.6 imn ^ 
substrate of 0.6 mm is banded to the back side thereof The prcgroove 14 maybe 
implemented as an indentation or an elevation of the substrate 15 material, or as a material 
properly deviating jGrom its surroundings. 

In an embodiment the infbmiation catiier 1 1 is carrying information 
representing digitaUy encoded video according to a standardized format like MPEG2. 

Figure Ic shows an example of a wobble of the track 9. A detaU 12 of the 
track 9 shows a periodic variation of the lateral position of flie pregroove 14, also called 
wobble. The variations cause an additional signal to arise in auxiliary detectors, e.g. in the 
push-puU channel gaierated by partial detectors in the central spot in a head of a scanning 
device. The wobble is, for example, jftequency modulated and position information is 
encoded in the modulation. A comprehensive description of the wobble and encoding 
mformation Iherem can be found for CD in US 4,901,300 (PHN 12.398) and US 5,187,699 
(PHQ 88.002), and for tiie DVD+RW system in US 6,538,982 (PHN 17.323). 

A radiation source such as a semiconductor laser, begins to radiate when the 
current fed to the radiation source crosses a certain level, caUed the threshold current U. hi 
Fig.2 two flireshold currents Wi and lu^-a are depicted. On the vertical axis flie radiation 
power P, is set out, and on the horizontal axis the current fed to tiie radiation source is set out 
The curve 1 shows tiie relation between flie current fed to the radiation source and tiie 
radiation power at a first tenq)erature of flie radiation source. The curve 2 shows flie relation 
between tiie current fed to flie radiation source and tiie radiation power at a second 
temperature of flie radiation source. The flireshold current h. is dependent on tiie temperature 
of flie radiation source. The flireshold current W, of curve 1 is smaUer flian flie flireshold 
current of curve 2. Also shown m Fig.2 is flie additional current needed to achieve a 
certain radiation power P.!. fa curve 1 tiie additional current, also caUed delta current, is W 
,. However m curve 2 flie delta current W2 is greater flian W-i- This is because tiie slope of 
tiie curve changes as flie temperature of flie radiation source changes. It seems fliat tiiere is a 
relation between tiie flireshold current W and flie delta current Ijeta. This relation is used m a 
radiation source driving device to predict flie delta current Id,i.a which is needed m addition to 
tiie flireshold current 1^ to achieve flie predetenmned radiation power P,,. When flie radiation 
power P, can be measured, flien tiiis measured radiation power P, is used as a feedback to 
contixil flie radiation power. In fliis case fliere is no need to predict flie delta current from 
flie flireshold current W However, when flie radiation source is controUed in sudi a manner 
fliat tiie radiation power can not be measured, tiien flie relation between flie delta current Ideib 
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and tte Ifaieshold cunent W is used. For instance, a common write strategy is to control the 
radiation source with short pulses. Since the writing speeds are. increasing recently, the pulses 
become too short to be able to measure the radiation power. 

The radiation source driving device uses a function F which is a model for the 
relation between the tiireshold current W and tiie delta current W and the radiation power 
P,. For instance, tiie following fimction is used: 

wherein Wi is a first threshold current, W2 is a second threshold current; 
Idelta,! is a first delta current. Idelta-2 is a second delta current and a is a parameter. The 
value of V depends on the radiation source and can also change during tiie hfetime of die 
radiation source. It is difficult to measure tiiis parameter during the fectory adjuslment, as it 
lakes time to heat up the radiation source sufficientiy, moreover the ageing e^ can not be 
accounted for m production. Iherefore the parameter a is caUbrated during normal operation 
of the drive. 

hi Fig.3 the radiation source 26 is fed wifli a current W. As a result the 
radiation source 26 radiates. The radiation power is measured by the radiation power 
measurement means 27. The measured radiation power P« is fed to the tineshold current 
determinmg means 20 and ihe delta current detennining means 21. The threshold current 
detennining means 20 determines the threshold current 1^, at which the radiation source 26 
begins to radiate, the tiDreshold current W is fed to the addition means 25. The delta current 
generator21 comprises an onUne delta current generator whidi generates an online delta 
current by using the measured radiation power P„. As can be seen in Fig.2 as fiom die 
threshold current W die radiation power P, has a linear relation with the delta current W 
Thus by measuring the radiationpower the delta current can be easfly calculated by 

subtracting the measured radiation power P«fix)m the predeteiminediadiationpowerP,!.^^ 
deha current generator 21 fiirfher comprises an estimated delta current generator 22 which 
generates an estimated delta current by usmg a fimction F. The fiinction F predicts the delta 
airrentWneededtoadiievBtiiepredetermmedradiationpowerPri with die tiireshold 
current 1^ as an mput The delta current outputting means 24 passes either tiie online delta 
current to die ou^ or the estimated delta current The delta current outputting means 24 
may have an mput commg fi»m a central processing unit of die information reproducmg 
system which mput controls the selection of the onlme delta current and the estimated delta 



current 



PHNL030627EPP 



10 20.05J2003 
According to flie mvention iJie radiation source driving device finrther 
comprises calibration means 28. The calibration means 28 can detemiine for instance tiie 
parameter a in function (6) by detemiining tiie delta cunent Iwta at two different threshold 
currents 1^ at a constant predetemoined radiation power Pn. When die fimction F comprises 
more parameters, tiien more cahTiration point are needed to determine updated parameters. 
The parameters of tfie function F can initially be set to a certain estimated value. However, 
tiie parameters are dependent on the radiation source 26 and are usuaUy not a very good 
estimate. During operation of the radiation source driving device, these parameters are 
updated to more accurate ones by the calibration means. 

In an information leprodudng device wherein infomiation can also be 
recorded on tiie information carrier 1 1 tiie radiation source 26 is driven in a write mode or a 
read mode. In flie read mode tiie radiation power P, can usuaUy be measured. In tiie write 
mode it is common to control tiie radiation source 26 witii small pulses. Before applying tiie 
write pulses a tiiieshold cunent is fed to tiie radiation source 26. The flireshold current W can 
be determined during tiiis period. When tiie pulses are applied to flie radiation source 26 tiie 
radiation power P, can not be measured or is difficult to measure. The function F is tiien used 
to determine tiie delta current Ijeita needed to estabHsh the predetermined radiation power P,,. 
The determined delta current Wi, tiireshold current Wi are stored. The next time die delta 
current Wa and tiie tiireshold current Wa are determined and flie tiireshold current is 
substantially different from flie tiireshold current tiie cahbration means can t^te tiie 
parameters of tiie function F (provided tiiat tiie function F only has one parameter). 

A special case is when writing to a rewritable optical disc, such as a CD-KW 
or DVLH-RW. The write strategy for tiiat kind of disc is pulsed writing. The instantaneous 
radiation power cannot be measured during tiie pulsed writing. However, in between flie 
write pulses an erase block is radiated in order to erase tiie information on tiie rewriteable 
disc. The erase block has a block strategy so tiiat flie radiation power daring die erase block 
can be measured. During die write pulse tiie instantaneous radiation power cannot be 
measured, but an average radiation power can be measured. If tiie radiation power during tiie 
erase block and flie average radiation power during flie write pulses would be substantially 
different from each oflier, flien it would be possible to retiieve flie flireshold currait and flie 
delta cairent from flie measured radiation powers. However, flie radiation power during tiie 
erase block and flie average radiation power during tiie write pulses are substantially of ttie 
same level. In tiiis case tiie tiireshold current is detemimed during tiie erase block and 
subsequentiy used to determine tiie delta current witii flie function F. 
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Fig. 4 shows an infonnation leprodacing and/or lecording device according to 
the invention. The device includes rotating means 3 1 for rotating the information canier 1 1 , a 
head 32, a servo unit 35 for positioning the head 32 on the track 9, and a control unit 30. The 
head includes tfie radiation source driving device flie radiation source 26, and means 36 for 
5 mapping the radiation emitted by the radiation source 25 at a spot 33 at the information 
canier 11. The radiation source 26 can be a laser diode. The means 36 can be an optical 
system of a known type for guiding the radiation beam through optical elements and focus 
the radiation beam to a radiation spot 33 on a track 9 of the information carrier 11. The head 
furdier conq)rises (not shown) a focusing actuator for moving the focus of the radiation beam 

10 along the optical axis of said beam and a trackmg actuator for fine positioning of the spot 33 
in a radial direction on the center of the track 9. The tracking actuator may comprise coils for 
radially moving an optical element or may alternatively be arranged for changing the angle of 
a reflecting element The focusing and tracking actuators are driven by actuator signals from 
the servo unit 35. For reading the radiation reflected by the information carrier 1 1 is detected 

15 by a detector of a usual type, e.g. a four-quadrant diode, in the head 32 for generating 
detector signals coupled to a front-end unit 41 for generating various scaiming signals, 
including a main scanning signal 43 and error signals 45 for tracking and focusing. The error 
signals 45 are coupled to the servo unit 35 for controlling said tracking and focusing 
actuators. The main scanning signal 43 is processed by read processmg unit 40 of a usual 

20 type includmg a demodulator, deformatter and ou^ut unit to retrieve the information. 

In an embodiment the device is provided with recording means for recording 
information on an information carrier 1 1 or a writable or re-writeable type, for exan^le CR- 
R or CD-RW, or DVD+RW or BD. The recording means cooperate wifli the head 32 and 
front-eaid unit 41 for generating a write beam of radiation, and comprise write processing 

25 means for processing the input infonnation to generate a write signal to drive the head 32, 
which write processing means comprise an mput unit 37, a formattCT 38 and a modulator 39. 
For writing information the beam of radiation is controlled to oreate optically detectable 
marks on the information carrier 11. The marks may be in any optically readable form, e.g. in 
the form of areas with a reflection coeflBcient diflBsrent from their surroundmgs, obtained 

30 when recording in materials such as dye, alloy or phase change materiaL or in the form of 
areas with a direction of polarization dififerent from their surroundings, obtained when 
recording in magneto-optical material. 

Writing and reading of infonnation for recording on optical disks and 
formatting, error correcting and channel coding rules are well-known in the art, e.g, from the 



c 
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CI> or DVD system. Ih an embodiment the input unit 37 comprises compression means for 
inpvt signals such as analog audio and/or video, or digital uncompressed audio/video. 
Suitable compression means are described for video in the MPEG standards, MPEG-l is 
defined in ISO/EEC 1 1 172 and MPEG-2 is defined in ISO/EC 13818. The input signal may 
5 alternatively be already encoded according to such standards. 

The control unit 30 controls the scanning and retrieving of information and 
may be arranged for receiving commands form a user of from a host computer. The control 
unit 30 is connected via control lines 42, e.g. a system bus, to the other units in the device. 
The control unit may provide a signal to the delta current outputting means 24 to select the 
10 online delta current or the estimated delta cunent 
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CLAIMS: 



1 . Method for controlling radiation pow^ of a radiation source (26), comprising 

the steps of 

a) driving the radiation source (26) in a first mode comprising the substeps of 

al) determining a threshold current Q^) at which the radiation source 

5 (26) begins to radiate, 

a2) measuring the radiation power emitted by the radiation source 

(26), 

a3) driving the radiation source (26) with the threshold current Q^) 
increased with the a delta current (Ideita) for obtaining a predetermined radiation power Pri, 
10 wherein the delta current (Ideita) is calculated by subtracting the measured radiation power 
(Pm) from the predetermined radiation power Pri , 

b) driving the radiation source (26) in a second mode comprising the substeps 

of 

bl) determining the threshold current (Ithr), and 
15 b2) driving the radiation source (26) with the thrcshold current Q^) 

increased with the delta current (Ideita) for obtaining the predetermined radiation power Pri, 
wherein the delta current (Ideita) is calculated from the threshold current (Ithr) by usmg a 
function F which is a model for the relation between the threshold current (W) and the delta 
current (Ideita) and the radiation power, 
20 chamcterized in that the method further comprises the step of 

c) calibrating the function F, comprising the substeps of 

cl) detennining the radiation power and the delta current (Ideita) at at 
least two diflferent threshold currents (l^) when the radiation source (26) is driven in the first 
mode, and 

25 c2) updating at least one parameter of the function F by using the 

measurements in substep cl. 

2. Method as claimed in claim 1, characterized in that the first mode is a mode 

wherein the current (Itot) to the radiation source (26) comprises a pulse which has a duration 
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long enough to measure the radiation power and wherein die second mode is a mode wherein 
the current (M to the radiation source (26) comprises a tram of short pulse 



ses. 



IS 



3. as daimed in claim lor 2, characterized in that the fonctionF] 

defined by a model describing the change in delta current Oae..) as a function of the change in 
flrcshold current (1^) at the predetermined radiation power fa : 

^DELTA-2 _ Irm-i ~lTm ^ » 
/ T " 

Wherein Wi is a first threshold current, W2 is a second threshold current^ 
Idelta-i is a first delta current, Idelta-2 is a second delta current and a is a parameter and 
wherein die fimction F is updated by iqidating the parameter a 



m 



4. Mefliod as claimed in one of lie preceding claims, characterized in that 

substep cl Ihe radiation power and delta current adeim) are measured at more than two 
threshold currents (Ithr). 

5. Method as claimed in claim 4, characterized in that the function F is defined 
by a model describing the change in delta corrent Gdeita) as a function of the change in 
threshold current athr) at a predetermined level of die radiation power Pr: 

T -- "a+b 

■^ZHELTA-l ^2HR-1 

wherein Wi is a first direshold current, Ithr-2 is a second tiireshold current, 
Idelta-1 is a first delta current, Idelta.2 is a second delta current and a and b are parameters 
and wherein die function F is updated by updating die parameters a and b. 

6. Mediod as claimed in one of die preceding claims, characterized in diat die 
direshold current (W) is changed by changmg die temperature of die radiation source (26). 



a 

on an 



7. A radiation source driving device for controlling a radiation power of 

radiation source (26) in an information reproducing system for reproducing information 
information carrier (1 1), comprising 

radiation power measurement means (27) for measuring a radiation power of 
the radiation source (26), 
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addition means (25) for outpotting a total cunent (M by adding a ihieshold 
Id a delta current (Iddb) arid thereby obtaining a predetetmined radiation power 



ctment Q^) and a 

Prl, 

threshold current 



threshold current determining means (20) fijr determining and outputting the 
«ii«uuiu «unent (Ite) at which the radiation source (26) begins to radiate, wherem the 
measured radiation power (P^ is used to determine the flireshold current (!&,), 

delta cunent determining means (21) fi>r determining and ou^utting the delta 
current (Ideita) wherein the value of the delta current CUeiia) is determined such ifaat the 
radiation power is substantially equal to a predetermined radiation power P,,, comprising 

an online delta current generator (23) for generating an online delta cuirent 

whidi is determined by subtracting tiie measured radiation power (P,„) frpmtiie 
predetermined radiation nower P,i . 



an estimated delta current generator (22) for generating an estimated delta 
current ^ch is calculated fiom tiie threshold current atto) by using a function F which is a 
model for tiie relation between the tiireshold current (W) and flie delta current (l^) and die 
radiation power, 

delta current ou^utting means (24) for ou^utting tiie delta cutrent (Ideita), 
wherein tiie online delta cunrent is ou^utted when tiie radiation power is measured and tiie 
estimated delta current is outputted when tiie radiation power is not measured, 

characterized in that tiie radiation source driving device furthCT conqirises 
caUbration means (28) for updating at least one parameter of flie function F, wherein tiie delta 
current (Iddb), tiie tiireshold current (I^) and tiie measured radiation power (P„0 are fed to flie 
cah^ration means (28) and wherein tiie radiation power and flie delta cuirent (Iwf.) are 
determined at at least two different flireshold currents (W) and are siibsequenfly used to 
update the at least one paramet^. 

9. A radiation source driving device as claimed in claim 8, characterized in that 

tiie radiation source current generator (21) is able to drive flie radiation source (26) in a first 
mode and in a second mode, wherein flie radiation power measurement means (27) are able 
to measure flie radiation power when flie radiation source (26) is driven in tiie first mode and 
wherein flie radiation power measurement means (27) are not able to measure flie radiation 
power when flie radiation source (26) is driven in flie second mode, wherein flie caUbration 
means (28) are arranged to caUbrate flie fimction F during a period wherein flie radiation 
source (26) is driven in the first mode. 
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10. A radiation source driving device as claimed in claim 9, characterized in liiat 
Ifae first mode is a mode ^^erein the cuirent to the radiation soiirce (26) coniprises a pulse 
-which has a duration long enough to measure the radiation power and "cdierein the second 

5 mode is a mode wharein the current to the radiation source (26) conqnises a train of short 
pulses. 

11. A radiation source driving device as claimed in one of the claims 8 to 10, 
characterized in that the function F is defined by a model describing the change in delta 

10 current (Iddta) as a fimction of the change in threshold current (Ifhr) at the predetermined 
radiation power Pri : 

wherein Ithr-i is a first threshold current, Ithr-i is a second threshold current, 
Idelta-1 is a first delta current, Idelta-2 is a second delta current and a is a parameter and 
15 wherein the calibration means (28) are arranged to update the function F by updating the 
parameter a. 

12. A radiation source driving device as claimed in one of the claims 8 to 10, 
characterized in that the cahTjration means (28) are arranged for determining the radiation 

20 power and the delta current (Ideita) at more than two different threshold (Ithr) currents. 

13. A radiation source driving device as claimed in claim 12, characterized in that 
the fimction F is defined by a model describing the change in delta current (Ideita) as a 
function of the change in threshold current (Ithr) at a predetermined level of the radiation 

25 power Pr: 

-^DMLTA-l -*7HH-1 

wherein Ithr-i is a first threshold current, Ithr-2 is a second threshold current, 
Idelta-1 is a first delta current, Idelta.2 is a second delta current and a and b are parameters 
and wherein the calibration means (28) are arranged to iqpdate the function F by updating the 
30 parameters a and b. 
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14. A radiation source driving device as claimed one of the claims 8 to 13, 

characterized in that die radiation source driving device is arranged to change the threshold 
current (W) fi>r calibration by changing the tenq)erature of the radiation source (26). 

5 15. ^biformation reproducing device for reproducing information on an information 

carrier (1 1) conqxrisuig 

a radiation source driving device as claimed in any of the claims 8 to 14, 
a radiation source (26) "vdiich is driven by the radiation source driving device, 
means (36) for mapping radiation emitted by the radiation source (26) at a spot 
10 (33) at the -information carrier (1 1), 

means (3 1) for causing a relative displacement between the spot and the 
information carrier (1 1). 
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ABSTRACT: 



(26) begins to radiate, 
(26). 



The invention pertains to a method for controlling radiation power of a 
radiation source (26), comprising the steps of 

a) driving the radiation source (26) in a first mode comprising the substeps of 
al) determining a threshold current (M at wbich the radiation source 

a2) measuring the radiation power emitted by the radiation source 

aS) driving the radiation source (26) with tiie threshold current OW) 
increased with the a delta current (I^^d for obtaining a predetermined radiation power Ph, 
wherein the delta current (J^i^) is calculated by stibtracting Ibe measured radiation power' 
(Pan) from the predetermined radiation power Pn, 

b) driving the radiation source (26) m a second mode conqmsing the substeps 

of 

bl) detennining the threshold cuxr^ (la,), and 
b2) driving the radiation source (26) with the threshold current (!«,,) 
increased with the delta current (J^^ for obtaining the predetermined radiation power P„, 
wherein the deUa current (I^ta) is calculated from the threshold current (W) by using a 
fenction F which is a model for the relation between the threshold current Gtbr) and the delta 
current (Iddia) and tbe radiation power. 

The relation between the delta current Otuiia) and the threshold current (L^) 
however changes during the lifetime of the radiation source. Iberefore the method according 
to the invention further conqnises the step of 

c) calibrating the fimction F, comprising the substeps of 

cl) determining the radiation power and the delta current (Ideita) at at 
least two different threshold currents (1^) when the radiation source (26) is driven in the first 
mode, and 

c2) updating at least one parameter of the function F by using the 
measurements in sutetep cL 
Fig. 3 
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Fig.4 30 
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